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Test was performed on the laboratory installation /fig.l/
with '
- the robot , equippepd with the grinding head ,
- the torque-measurement version of the grinding head was used ,
- the flat grinding disk , @ 350x40 , was on the shaft of
the grinding unit ,
- the hydraulic installation consisted of the flat rotating -
swivel for the v motion., |
The idea of this test was to position the robot axles @
and of in seven limit positions , according to the ASEA
drawing no. 6397 OOL - CN /fig. 2/ .
The assumed criterion was to reach any limitation in
t motion, next in© ordmotions keeping full range motion
/ + 180°/ in v rotation.
Three auxiliary indicating scales were attached to the housings
ofQ,% and t axles., Indicators on the rotating parts of each
n and t . The "n" indexed values
were re-counted relatively to the vertical and level / and
then indexed with "r" / :
] = Gn + ‘510
L =6+ +6°
t.=0, +t +t - 75°

axle pointed angles @n , b

The valmes 9r A
A and t for each positiqn acce. to the technical specification

of IRb 60.
The test shows robot is able to move in the whole range

and tr were compared with the values 6,

of both 8and b motions. Some limitation was shown in wrist
bending t /fig. 3/ . The reasons of it are as follows :
- the wrist swivel interferes with the upper arm of robet ,
- there is the menace of cutting of pipes or robot arm by
the grinding wheel / @ 350 / in some positions of wrist ,
~ the hydraulic motor pipes interfere with the column of
robot / fig. 3 , pos. 3/ ,
- the grinding head interferes with the floor /fig. 3,pos. 2/,
- the total length of pipes between upper swivel and wrist
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swivel is too small - it affects the robot in far down
positions , near to pos. 2 / fig. 3/ .
The upper swivel / fig. 1/ allows robot to work in the whole
range of rotation §. Two limitations of motion appears in
our laboratory installation :
- some parts of installation are placed within the robot
working range , _
~ the support of the upper swivel is mounted too close to
robot in the dead area of Ymotion § the pipes mounted by
the arms of robot collide with this support.
Both limitations are not severe as they are caused by the 1lit-
tle space in laboratory room and they are easy to eliminate
in plant installation.

In conclusion we can accept the following range of
IRb 60 motions in our installation ¢ .
- colunn q_rotation range : + 155° / + 165°/ ,
- lower arm © movement range : -20° 4 +50%around vertical DOS.
- upper arm o movement range ¢ +10° + —55°around horizontal pos.,
~ wrist movement range , vertical bending t : +50° /+75°/ &
-85°/ -120°/ from horizontal position ,
- wrist movement', turning v ¢ + 180° .
Locally the values § and t may increase over the limits ,
till the values in brackets.

The analysis of a/m limitations shows the ways how to
eliminate some of them in the future plant installation.
To move the support of the upper swivel a@pr. 1l m away from
the robot or to mount this swivel to the ceiling of ev. hou-
sing of the plant installation will allow to move the robot
in full range of Yrotation.
A little elongation of the pipes mounted between the swivels
/ fig. 1/ or lowering the upper swivel will eliminate some
limitation around POS. 2e
The full utilisation of the handling capacity in far lower
area of the working range / fig. 3 pos. 2/, will be possible
when robot will be. placed appr. 200 mm over the floor.
The smaller diameter of the grinding wheel, the smaller t motion
limitatione.

H




-3 -

The new , cylindrical-~shape wrist swivel will decrease
/ appr. 7° / the t motion limitation in some positions /fig.4/ .
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Initially the load torque on the shaft of the grinaing
disk was taken as a measure of the load on the tool.
Two sensors for torque measurement were designed.
First solution is based on the measurement of the torque ge-
nerated by the reaction forces of the canstraints supporting
the tool on the robot arm.
The second , indirect solution of sensor is based on the mea-
surenent of the pressure of feeding oil to the hydraulic motor.
The third version of adaptive sensor was designed on
request of ASEA. This solution enables measurement of 2 + 3
components of load force on the tool.
All versions were tested in the laboratory casting cleaning
installation , in MERA PIAP /fig. 1/. ’

Testing system for adaptive sensors enables simultaneous
measurement and recording of / fig. 5/:
- pressure of feeding oil ,
~ reaction torque of constraints or tangential and radial

forces on the grinding tool ,

- two perpendicular forces on the fixture of the machined detail.
The ideas of grinding heads with different sensors are shown
on fig.8 , 13 , 23 .
The pressure sensor as well as torque or force sensors are
connected to the separate electronic boards , each one with
some outputs. First output gives an analogue voltage signal
proportional to pressure /or torque or force/ . This signal
is recorded on the 6-channel recorder.
BEach of next 1 + 3% adaptive outputs gives three level signal
acceptable for the adaptive control program of IRb. The system
of potentiometers on the associabte electronic board: allow
the setting of switching points of the adaptive signal for

-
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each output. Each adaptive output can work on different le-
vels of the same analogue signal from measuring unit.
The settings of switching points were selected practically
during experimenﬁs to obtain the best results of casting
cleaning. .

The preliminary tests showed some malfunctions of the
sensors and some improvements had to be done.

The grinding samples were fixed in the fixture muunted
on the force sensor called '"“universal head"/fig. 6/ .
It is the sensor for measurement of two or three components
of force. /One unit of this universal head was sent to ASEA
for testing several months ago/. The universal head was
utilized for measurements of the forces on the grinding wheel.
The output signals from this head copy tangential and radial
forces when grinding. The signals were recorded on a/m recorder.

The problem arose how to connect the sensor mounted on
the grindiﬁg head to the robot. The accepted solution enables
full mobility of the tool and it protects the wire against
mechanical damage / fig. 7/. '
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The first tests showed that the preliminary assumptions
of forces , power and pressure when grinding were overesti-
mated. The signals were too low. To enlarge the signals the
internediary spring of torque sensor was replaced by stiffer
one.
The analysis of graphs of torque signals plotted on recorder:
— the negative torque appeared when the unloaded grinding
head was running 3 the value of this torque was comparable
with the torque during grinding / fig. 9a/3 the negative
torque was created by the flexible pipes feeding the oil
to the motor §3 they were inflected and acted as springs
when the pressure in installation grew up § the redesign
of the end pieces of the pipes straightened the pipes and.
the negative torque was reduced to the reasonable level
/ fig. 10a / .
- the redundant hysteresis was observed / fig. 9 b/. To remove
this hysteresis the return spring /fig. 8/ was fixed on its

6
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position by means of two conical-shape pips on each end

of the spring. Unfortunately it didn’t cancel the discussed
hysteresis / fig. 12 a/. Maybe it was caused by the bea-
rings of the housing of the grinding head within the fixture.
- the significant influence of the grinding head position

on the value of the output torque signal was g great sur-
prise / fig. 10/. This situation was observed when the

shaft was in rest as well as during no-load running of the
grinding head. At the same time , during the no-load running
of the shaft , the signal from the pressure sensor was com-
pletely unchanging,

The attempt was made to eliminate two main disadvanta—
ges of the first design of the grinding head with torque sensor.
The new holder of the grinder was designed /fig. 13/.

The tool is suspended within the holder by means of 4 flat
springs. The idea was to pass the axis of robtation of the
grinder within the holder through the centre of gravity of
the whole tool. This solution of the grinding head was inten-
ded to eliminate the dependence of the torque signal upon

the grinding head position and also to eliminate the torque
caused by the weight of unsymmetrical grinding head in its
previous version. The exclusion of the bearings should elimi-
nate the hysteresis mentioned above as well. The test showed
this new version maintained the dependence of the signal

upon the position of the grinding head / fig.l5 i 16/.

Then the tests of the force sensor itself , utilized for
torque measurement ..rinin the grinding head, were made. These
tests showed inherent dependence of the signal: upon the po-
sition of the sensor / fig. 18/. The max. difference between
signals in several positions of sensor is appr. 1,5 div.

It is equivalent of appr. 2,5ﬂm /fig. 19/ displacement of the
push rod of the sensor or the torque appr. 1 kGm /fig. 14/ on
the shaft of the grinder,

" The signal obtained from the "torque" grinding head with
the limp intermediary spring is very low /fig. 17 a/. The
signal grows up for the stiffer spring / fig. 17 b/.Unforsu-
nately the parasitical " positioning" signal grows up as well.
The new intermediary spring was designed in virtue of the tests

1
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of the sensor /fig. 18 # 20/, This spring will eliminate the
negative influence of cross forces acting on the sensor mounted
within grinding head.

The general problem of version of the qrinding head was the
dependance of the torque signal upon the position of the grinding
head.

The difference between the values of the signal /the error signal/,
from the extreme positions of the grinding head were appr. 5x bigge
then the medium working signal when grinding.

It was important to find the reason of this error signal.

Some reasons of the origin of this error signal were considered
Two of them were choosén, after some observations, as -the most
likely : _
~ the flexibility of the sleeve and the foundations of the

suspension springs ,

it would allow the little transverse dislocations of the grinder;

the sensor is sensitive, in some way, for such dislocations,
- the eccentricity of the center of gravity in relation %o the

measuring turn axis of the grinding head, the torque created by

the eccentric weight adds to the signal from the sensor.

s a matter of fact both reasons are entangled and it was not
possible to manage ény test to watch the pure influence of either
a/m reason on the signal.

Some arrengements were made to improve this wersion of the
grinding head to eliminate the error signal or to diminish it to
the reasonable level. .

First, the pusher of the sensor was redesigned fig.1%a. Then
it became weaker for the cross forces with the some coaxial
stiffness. The sensor became less sensitive for minor transverse
dislocations of the grinder, '

The error signal was limited to ~64% of its previous value.,
Then the rotational stiffnes of the suspension of the grinder was
reduced appr.l0x by means of the thinner suspension springs,

Some tests were made with the washers between the suspension
springs and their foundations to eliminate the eccentricity of
the center of gravity.




Finally the right intermediary spring of the sendor was choosen
and the correct assembly of the whole grinding head was made.

The special attention was paid to the proper fixing of the suspen-
sion springs by means of the pins.

At the end, the error signal was reduced /5x%/ to the level of the
medium working signal when grinding.

It seems the method was right but the effects are still not
satisfactoxry. .
Unfortunately it is impossible to continue this way of improvement
of the signal performance as the strength of the pusher and
suspension springs 1limit the changes mentioned above,

Any reinforcements of the sleeve or the foundations of
the suspension springs are not possible as the robot is loaded
to its limits.

The only way to the further minimization of the error
signal offers the electronics associated with the torque sensor.
It allows to create several adaptive sensors based on the same
analogue measuring sensor signal,

It means it is possible to make similar adaptive sensors for
different working positions of the grinding head /for different
error signal levels/. As robot has 8 adaptive input signals and
the amount of the working positions of the grinding head is
practically limited, it is possible to use this solution of the
grinding head with torgue measurement for the tests of adaptivity.
The proper adaptive, % level sensor should be choosen when
programming, appriopriately to the grinding head working position.
Two adaptive sensors were prepared, based on the same torque
signal,

The switching points of thosé sensors were choosen practically.
All adaptive functions were tested with those sensors.
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The pressure sensor is mounted on the stationary part \
of the hydraulic oil supply insbtallation , next to the pump.
The signal from this sensor was observed during testing of ‘
other sensors ‘e.g.fig. 9, 10, 12, 17, 27. :
The pressure of oil in no-load running of the grinding head
is high /appr. 2 + 2,5 MPa/. .

The preliminary tests showed that the changes of the
pressure signal are too small when grinding. Then the pres- ‘
sure sensor of O + 25 MPa pressure range was replaced by another ‘
of 0 + 10 MPa pressure range, well fitted for this purpose.
The pressure signal had to be filtered as it was distorted ‘
by noise. The negative influence of the pump pulsation wasn t
stated in the pressure signal as it wasn t possible to find
it clearly in ﬁhe noise. It seems that does not exist any
significant delay in propagation of pressure signal in the
hydraulic installation / fig. 9 c/.

Practically pressure signal.has no hysteresis nor any
undefined deformations. It is independent of the position of.
the position of the grinding head nor the movements of the
axles of robot.

For calibration of the pressure sensor in the installation,
the hydraulic motor was replaced by the hand operated valve.
The pressure in installation was set by means of this valve
/ fig. 21/. The indications U of the mV-meter were written
dovn on the graphs plotted by chart recorder.

The formula for calculating the real pressure inliinstallatio
during test is 1

P = 0,48 Er + 1,6 /at/ ,

yiol




-9 .
where P, it is pressure in /div/ from the graph.
The calibration of the universal head was made by
weighing some known weights/fig. 22/.
The formula for calculating the real forces during tests :
F = 1,25 F, - 21,25 /kG/ ,
where F, it is the force in /div/ from the graph.

This formula is valid for both forces / yertical and horizon-
tal/ but only for the same fixture and the same samples.

— —— —— o — —— — o n— — m— o— g P

The holder of this version of grinding head has an ability
to provide it with max. 3 force sensors to measure the compo-
nents of the load force on the tool.

The version taken for.testing was provided with two such
sensors for measuring the components of force acting in the
plane of grinding disk. The calibration of this version of
grinding head was made by weighing some known weights hanged .
on the shaft of the grinder /fig. 24,25/.

This version of adaptive sensor was so sensitive to the
position of the grinding head that only few preliminary tests
were made /fig. 26/.

The example of force signal when grinding is shown on fig. 27.
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The tests of all sensors showed that all of them respond
to the change of load on the tool. The signals from sensors
are deformed by some unknown nonlinearities but that is of no
significant importance from the adaptivity point of view.

The main disadvantage is that torque sensor and , most of all,
the force sensor are siganificantly depend%pt on the position
of the grinding head. Itgets-limitations:Yuse those signals
for adaptive control of robot in its whole working range.

The signals can be used however for adaptivity "locally" , .-
ie. during the motions when the signals of no-load running
are constant due to robot axle motion.

/M
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It is possible, thanks to the associated electronics, to

make several different adaptive sensors /from the robot point

of view/ based on one analogue force or torque signal. It ena-

bles to have several sensors reacting similarly on the same

increase of elg.force , but on different levels of it. Then,

dividing all needed motion for "local" segments makes possible

to use adaptivity in full range., With no doubt , the most useful

unit for laboratory tests is the pressure sensor. It has some

advantages , like :

- it is sensitive enough for the changes of load on the tool,

- the output signals'from the pressure transducer are repeatab-
le and independendent on the grinding head position,

- it simplifies the design of the grinding head,

— it makes easy to Jjoin the sensor to the robot,

-~ it enables the measurements of the loads of the tool caused

' by the forces acting in the plane of the rotating disk as
well as coaxially with the shaft of the tool,

~ the adaptive signal is independent of the point of applica-
tion of force.

We realize this sensor is suitable for short testing of
adaptive performences of robot. in laboratory. For the indus-
trial applications it should be tested at least for long
term stability , independence of the\wearing of oil , chan-
ges of temperature and the pressure érop on the hydraulic
elements during operation. The adaptive sensor based on the
measurement of the pressure drop on the hydraulic motor
/ the difference pressure measurement/ is promising.

N
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For testing of tool loading during cleaning of castings,
an analog.measure sensors were applied. Electronic decoding
system cooperates with sensors and converts analog signals to two
two-state signals for robot control program. The switching le-
vels of tresholds 1+4 can be set up by the resistors on the in-
terpreting system card. Levels of tresholds correspond stric-
tly to equivalent values of the load on the tool, which is me-
asured by the analog sensor/s/. So,treshclds setting subordina-
tes the robot action to definite value of load ,for example
torque of constrainls reaction during grinding.

Main task of tests it was to check, if robot can realize
its adaptive functions in éooperation with designed sensors.
The most explicit signals were obtained from oil pressure sen-
sor in hydraulic installation , so this sensor was chosen for

adaptivity testing. '
" The remaining sensors - torque and force , in their electronic
construction are made in the same strain-gauge technology.
The voltagé signals from the sensors are similer to the sig-
nals from pressure sensor. It mekes similar the utilization
of signels from those sensors by the adaptivity.
The main obstacles in replaceable treatment of all these sen-
sors are defects in mechanical construction and dependence of
the torque or force signals on the position of the tool.and/or
the lack of computing poWer:imeelectronics. For now these de-
fects make impessible an achievement of proper signals , ap-
priopriate for their explicit interpreting by adaptive program.

The tests were made with torque head , flexibly mounted
on the robot. The package of cutting discsp 350 was used as
a grinding tool.The motor rotation was 2300 - 2100 rpm.

The cast iron pieceg were ground.They were fixed in the vice
on the table mounted on the universal head. '

Generally , the searching functions were performed du-
ring vertical movement of grinder.The group of SEARCH functions
was tested as a beginning.This group consists of five functions:
- COARSE SEARCHING,

DELAY COARSE SEARCHING,
SUPERVISION,

FINE SEARCHING, //123
FREE _SEARCHING_ .
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As the reaction of adaptivity on the signal of sensor is
the same for first three functions , they were treated join-
tly as one function. So, the analysis and comparisons were made
only for COARSE, FINE and FREE searchings.
Three stages were distinguished in testing of these functions:
- general familization with action of the robot when realizing
each function, ‘
- qualification of dependence of function reaction on setting
of parameters,like searching speed,correction vector and so on,

- practical comparison of action of all functions. ‘
The setting of treshold 2 /fig. 29/ on the electronics influen-
ceshhe actions of coarse and fine searching. ‘
As the width of zero zone affects on the fine searching , the
setting of treshold 3 is important for it as well.
The free searching is affected only by the setting of treshold 3.

Settings of tresholds were realized by potentiometers
P1 ¢+ P4 /respectively for tresholds 1 ¢ 4/ /fig. 5 , 29/.
The settings are determined by measuring the voltage between
the fixed point a on the electronic board and the point b on
slider of appropriate potentiometer.

The dependence of the switching level .of pressure / and
torque and vertical force from the universal head/ on the
threshold 2 setting is shown on fig. 28.

QQality of positioning of the tool and grinding off the touched
surface of the sample when serching are affected by the setting
of treshold 2 of adaptive sensor and speed of searching.

For comparison of various tests two criteria were used.

First of them is based on valuation of average penetration of
tool into the sample. Trhis criterion is not very reliable |,
however, because shape of grinding disk trace on sample depends

on too many factors , hard to evaluate.

The second criterion of work performed by grinding can be the
area P below the diagram curve of vertical force PZ/from the
universal head/,plotted on the chart recorder. It is wvalid

under the assumption , that the same tool works the same ma-
terial and tool works always in the same way on the sample , i
i.e. vertically down.

Increase in setting of treshold 2 causes bigger grinding off/4)1
the material/fig.29/. Influence of speed on surface deformation
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is hard to define, because divergent results were obtained{fig.30/

It is so far unessential as the criterion P farea below the force

curve/for tests of positioning accuracy shows that accuracy of

positioning decreases with the growth of searching speed.

Test of searching accuracy in dependence on searching speed,

was based on searching of sample surface with various speeds

Vggo and then linear positioning of robot from the founded

point to the contact in other point of the same surface.

Value of P for every test was the measure of searching accurag.
Similar tests were performed with stiff'suspension of

grinding head on the robot.Stiffening the suspension conside-

rably decreased dependence of searching accuracy on searchings

speed. It is obvious,as far less energy is accumulated during

the impact of the tool on the surface of the grounde sample.

Iesting of function FINE SEARCHING

— — v — g e W omn e W Smwm Gwem  wemn e

During execution of this function , after change of adap-
tive signal from 00 to 01 , robot stops for compensation of sewo
lag and then withdraws to achieve 00 state of adaptive signal.
The following factors influences on quality of positioning and
grinding off the touched surface:

- setting of treshold 2 of adaptive sensor,

- speed of searching,

- the size of correction vestor.

The influence of setting of treshold 2 is obvious - the greate
setting the bigger pressure of tqﬁ} on the sample fi.e. the
finding accurs when greater loadYon tool/.

The most of obtained results are not absolutely explicit excegt
one when the deformation of the ground=' off surface decreases
with growth of correction vector and with decrease of searching
speed. The results of searching accuracy is however surprising .
Accuracy was not dependent on these two parameters,i.e. sear-
ching speed and correction vector/fig.31/.

Grinding off of the touched surface here is greater in compa-
rison with other kinds of searching however searching accuracy
is much better. It seems the problem is hidden in the flexible
mounting of the tool on the robot as the robot stops for a while

Ao
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on the position.Then the flexible mounting spring back causing
the deeper identation.

During execution of this function robot moves with speed defimed
by veg¢tor,robot stops when the adaptive signal will change

the state from 10 to 00.

‘Two factors influence on quality of positioning in this case:
searching speed and setting of treshold 3. For comparision with
other kinds of searching the same settings of treshold 3 were
applied as for treshold 2 for preceding functions.

The tests shows the growth of setting of treshold 3 causes big-
ger grinding off the touched surface.The grinding off effect
tends to settled value with the growth of searching speed/fig.32/.
It should be another effect of flexible suspension of the grin-
ding head on robot.

In testing of searching accuracy with a/m method various re-
sults were obtained. The estimation of some tests shows the

very poor accuracy of this kind of searching, much worse than
in other kinds of searching. However , in one test accuracy was
comparable with the one obtained in coarse searching.

The aproximate values of e.g. speed of robot movements for dif-
ferent experiments/with different robot programs/ can cause

some divergence of analyzed results.

Summarizing: robot reacts correctly in cooperation with the
pressure sensor when realizing the searching functions.Diffi-
culties in defining of measurable criteria of machining parame=-
ters in robot work are originated from too poor measuring
instrumentation of the experimental installation and the lack
of practical knowledge of grinding process. Maybe longer series
of tests would make possible to define some more accurate criteria.
The change of used pressure sensor for another one , more sen-
sitive,was a result of the performed tests. The new pressure =
sensor allowed better cooperation of robot with it especially
better repeatibility of action of robot for the same pressure.

A6
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For testing of funtion VELOCITY CONTROL +the iron sample with
" a serrate shape was prepared. Movement of the robot was per-
formed crosswise to the tooth space. Setting of switching from
signal state 00 to 01 was 2,0mV, Switching of adaptive action
to slower movement of robot occured when the grinding disk hawes
been plunged appr. 3mm in the sample. Some switching "instability"
was observed ,- i.e. repeatadly switching between faster to
slower movements of robot.The setting of proper hysteresis on
treshold 2 stabilised the process.,
The test confirmed completely a possibility of application of
function VELOCITY CONTROL for grinding of castings.
The swithing load on the tool can be set by means of potentiome-
ter on treshold 2 and should be defined experimentally for pro-
per grinding disk, kind of cast , cleaning requirements and so on,
with the help of technologists.

Some planned tests were not made e.g. the dependence of the
load of the tool on the geom., dimensions of the grinded layer
or on the grinding speed, as they need a proper grinding tool.
They are left till the delivery of such tool,. .

This test was performed on the arc-shape sample and then
on the fragment of real cast with spherical shape.Correction vec-
tors were programmed approximately perpendicularly to basic
movement. For obtaining of proper surface finish,i.e. small cu-
ting in of disk in material , the settings of tresholds defi-
ning switching of positive and negative correction were changed.
The values of treshold 3 equal to 1,9mV and of treshold 2 gqual
to 1,95mV were chosen. For these values of tresholds contouring
of the surface of casting was performed, ZTheicdrrection vectors
were defined appr. in every 40mm. Speed of the basic movement
was appr. 3 mm/s, corrective speed was appr. 2 mm/s. Contouring
was performed properly i.e. on the whole length of the sphere
approximately the same grinding depth of O, 5mm was- obtained.
This depth can be changed by means of treshold 2 and 3 settins

Nt
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without any corrections in program , as they define the adap-
tive contouring action of the robot. The positive and negative
corrections were observed during contouring/fig. 33/.The swit-
chings occures in every 3 - 4 seconds.
The first tests made it clear that it is hard to check the
magnitude of correction vectors , ascihezminimum limit value
of corr. vector exist.Below this limit contouring doesn’t work
i.e. when contouring,only basic movement is performed without
any correction , regardless of sensor state. This limit value
of correction vector is hard to define as it vary from position
of robot to position.The problem was solved in program by intro-
ducing the instructions TIME CORRECTION before and after each
definition of correction vector.Local limit value of corwectiem
vector was looked for by using the correction of time in the
definition of vector. For contouring the correctiodvector was
assumed greater than the founded limit value.

During tests the proper contouring was realized with the
basic movement vector V., and correction vector V r,as‘follows:

b co
V'l
: _ cor
vb . vcor a= ;'"'
b
1,13 1,8 1,59
2,7 3’5 1’3
1, T4 3,5 - 2,01
2,5 1,2 0,48
vcor
The ratio a = -=== wvary from 0,48 t6l2,01. As far as we
\'
b

understand the ASEA recomendation,this ratio should be within
0,25 + 0,33. The obtained results surprised us and it seemes
some misunderstanding of the conﬁouring occures,

\

e e G e S e eme s e B g e M S M G B S — wams G e  gmma e pmm e

Some flexibility of robot was observed.So the deflections of fuw
important points of robot equipped with the grinding head,under

s
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‘influence of force were measured. The force was applied to

the grinding disk.From the grinding process point of view, the
most important is the deflection of the grinding disk.The big-
gest deflection occurs when force acts on turning of v axis of
wrist.For the force of appr. 10kG applied to the disk , the
deflections are appr. 3 + 3mm, It is pretty big deflection in
comparison with the flaws or burr dimensions, Smaller deflec-
tions occur whén loading bends the wrist /axis 1t/ or when the
load is perpendicular to this axis. Values of these déflections
are appr. 0,8 + 1,8mm,The problem of deflection of the tool
when grinding have to be regarded in positioning and programming.
The first version of the grinding head was mounted on robot

by means of elastic suspension with gum insert. It was applied
to avoid a possibility of disk and/or the grinding head damage
by random collision of tool with cast when grinding.The elas-
ticy was applied to protect robot against the vibrations gene-
rated during grinding as well,

The tests showed that elasticy of robot itself and head with
stiff suspension is sufficient.The "softness" of v axis can

be utilized for realization of elastic pressure of the tool

on the machined detail.

The occurence of momentary switching on/off ofLrdbot braes
kes was observed during realization of slow movements of robot.
It causes jumps of robot arms when renewed switching off of bra-
kes. It doesn’t occur for the smallest speed of PTPF, It occurs
only for PTPL / PTPA/ movements , beginning from. certain limit
speed specific to the position of the robot within its working
space.Maybe this PTPL speed is smaller than any possible speed of
" PTPF, For horizontal movement , in some position , it oc=-
cured e.g. for speed smaller than appr.3,2mm/sec.To protect
the tool , the delay time in brake control circuit was extended
to 3 min, , when the tests were performed.The hardware design
of the simple anti-jump circuit was prepared for the future
plant application. _

When tests of grinding with the first,"flat" swivel,

a phenomenon of jamming and even stoppage of turning of wrist
/axis v/ appeared. It was caused by too great resistance to
motion of this wrist swivel when oil pressure was about 2,5 MPa,
The improved version of swivel has smaller resistance and a/m

A9

phenomenon doesn’t appear.
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Pressure of no-load running of installation depends on tem-
perature of oil. For temperature appr. 4500 it is appr. 2,5MPa.
The pressure grows up to the value of 3,2MPa when grinding.
Depth of grinding is then appr. 1mm /when the width of the tool
is 40mm/. The necessary power for grinding of small layer /e.g.
during tests of contouring/ is appr. 6 kW.

Rotation of grinding disk in no-load running is about 2300rpm.
When grinding it decreases to appr. 2000 rpm.

For smaller depth of grinding the working pressure and the
needed power are certainly smaller. One should to take notice of
necessity of power surplus considering of burrs or flaws of
various size. So » without practical plant tests of grinding
it is hard to deyermine the real power surplus of our installa-
tion. ‘

Tests of grinding were made with the paek of 4 flat cutting
disks, type T1, mostly because of lack of any more secure gfin-
ding disk. These disks are reinforced, they don‘t burst when
stroken and don”t "glue" during grinding the cast iron.The test
with mineral disk was stopped by the burst of the disk,

Because of our tool - strange and not well selected for this
purpose , all parameters found ' during tests became unsultable
for real casting cleaning application.mhey should be found

once more for the proper tool. '

We consider now , the best disk for grinding is the grinding
wheel type T5 used as a cup type or a heavy duty cup type
tool.The outer diameter should be sktesbdrd individually.

The rear axle housing of heavy truck was used as an- exam-
ple of caéting.It should not be placed symmetrically to the ro-
bot. It should be positioned in front of robot in rotary fix-
ture, which can rotate round horizontal and vertical axis.

This fixture should be placed so , that plane of robot arms is
perpendicular to the longer axis of housing and this plane
should cross the housing in 1/4 of the length of this housing.
It will place only a half part of .this long detail within the
robot ﬁorking area.Then the robot reach will be the most sui=~
table. The second part of detail will be machined next , when
robading the fixture.The same program will be utilized for
both parts of casting.

20
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Conclusions

1.

2.

5

6.

9.

The tests are finished; but the real production tests of

long time production should be made.

The tests proved the usefulness of adsptivity for casting
cleaning. 4

The tests proved the usefulness of torque signals for
adaptivity for casting cleaning} the only problem is of

a proper design of sensor of a/m physical quantity.

Some malfunctions of robot were disclosed; they are of little
importance but they have to be taken inbto consideration when
programming or preparing installation.

Also, .the installation with robot and hydraulic grinding
equipment allows the plant cleaning of castings without adapti-
vity.

The installation promises the adaptive cleaning of castings

in the real production using the o0il pressure sensor with

its associate electronics; it is ready for the long-las-ting
production work when the oil temperature stabilization system
will be applied.

The both versions of the torque sensor promise. the correct
cooperation with adaptive control program of robot when the
dependence on sensor signal of the position of the grinding
head will be eliminated or diminished. As latest tests proved i
is possible by programming elimination of the different "weight'
of the head in different position.

From the cleaning of castings point of view, the flexibility

of the suspension of the grinder on the robot should be slender
the demands to enlarge this flexibility may grow up to protect
robot against the vibrations generated in real casting cleaning
in the production.

The measure of the pressure drop on the hydraulic motor should
be tested as it seems to be a more stabile source of tool load
signal for casting cleaning, than the preséure itself.

More, such solution enable to avoid a oil femperature stabili-
sation system,

10.The new idea /version III/ of the torgue measurement grinding

11.

head can be prepared and checked.
The tests made it clear that the power applied could be reduced
at least by a half,

QJ’ {
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